Background: The benefits of a recommended level of physical activity on physiological health indicators such as morbidity and mortality are well-accepted, but less research has addressed whether or not the association between the recommended level of physical activity and a healthrelated quality of life (HRQOL) exists in the Japanese population. Thus, the present study examined whether the recommended physical activity would be associated with HRQOL in the general Japanese middle-aged population.
Background
The Healthy Japan 21 campaign aims to prevent chronic diseases, increase the quality of life (QOL), and expand years of healthy life for all persons in Japan [1] . The promotion of physical activity is now recognized as an important component of such a national disease prevention policy. The benefits of physical activity on health are well established. Regular physical activity is associated with a decreased incidence of cardiovascular disease, stroke, and diabetes mellitus; reduced coronary artery disease risk factors such as hypertension, dyslipidemia, and obesity; and improved mood states, including depression and anxiety [2, 3] .
Health-related QOL (HRQOL) refers to the perception of overall satisfaction with life and involves the measurement of functional status in the domains of physical, cognitive, emotional, and social health, and becomes a fundamental assessment in understanding the health status of a population [4, 5] . As of now, the beneficial effect of exercise intervention on HRQOL was mainly found in special populations [6] [7] [8] [9] . According to the US Surgeon General's Report [2] , regular physical activity appears to improve HRQOL by enhancing psychological well-being and by improving physical functioning.
In Japan, the guidelines and recommendations for physical activity and exercise were published in 2006 as part of health promotion [10] . In the current guidelines, an increase in daily physical activity above three metabolic equivalents (METS) receives greater emphasis as compared with the former traditional exercise guidelines, which recommended at least 20 to 30 minutes of moderate-intensity exercise and walking on most days of the week [11] . The present recommendation states that every adult should accumulate 23 METS/hour/week in order to prevent chronic diseases and obtain numerous health benefits [10] . The benefits of the recommended level of physical activity on physiological health indicators such as morbidity and mortality are wellaccepted [2, 3] . In addition, previous studies found that exercise intervention improved HRQOL in those with chronic diseases [6] [7] [8] [9] . However, the association between the recommended level of physical activity and HRQOL in the general Japanese population was still not obvious. A few previous researchers in other countries found that the recommended level of physical activity might affect HRQOL by influencing two main components: physical functioning and wellbeing [2, 12, 13] . Nevertheless, few studies have examined the association between the current Japanese recommendation for physical activity and HRQOL in the general Japanese population. Thus, the present study was proposed to examine whether the recommended level of physical activity would be associated with HRQOL in the general Japanese middle-aged population.
Methods

Participants
The current study used a sample comprising 1211 male and female respondents to a cross-sectional survey on the association between sports and health. The survey was provided by the Japan Sports Industries Federation in September 2006. The set sample size and parameters were approximately 1200 male and female adults aged between 20 and 59 years, with an equivalent number of males and females in each age bracket. Of approximately 230,000 registrants for the Internet research service, potential respondents were randomly selected in accordance with the set sample size and parameters and were invited to participate in an Internet-based survey via e-mail. Internet-based questionnaires were placed in a protected area of a web site and the potential respondents received the URL in an invitation e-mail. Reward points for the Internet service were provided as incentives for participation. All respondents voluntarily completed and signed an online Institutional Review Board-approved letter of informed consent and demographic data information. The demographic data included gender, age, marital status, educational level, and household income level. In addition, the following measures were administered.
Measurements
Physical Activity
The short version of the International Physical Activity Questionnaire (IPAQ) was utilized to estimate the amount of physical activity that the participants engaged in. The IPAQ has been used in several countries [14] . This self-administered questionnaire was designed to be utilized by adults aged between 18 and 65 years. It identifies the frequency and duration of walking, moderate and vigorous physical activity, and sedentary activity during the past week [14] . The one-week test-retest reliability of the short, self-administered Japanese version of IPAQ is good (Spearman r = 0.72-0.93). The criterion validity for the Japanese version of IPAQ against the accelerometer is acceptable (Spearman r = 0.39) [15] . However, the validity of the Internet-based Japanese version of IPAQ has not yet been tested.
The short-form data were utilized to estimate the total weekly physical activity level (METS/hour/week) by weighting the reported hours per week within each of the three activity categories: low, moderate, and high by MET energy expenditure estimates assigned to each category of activity. The current national guidelines for exercise in Japan recommend 23 METS/hour/week of physical activity [10] . Based on the estimated total weekly physical activity level, respondents were assigned to one of three (mutually exclusive and exhaustive) groups. Individuals who reported no physical activity were assigned to the inactive group; those who reported physical activity that was less than the recommended level but greater than nothing were assigned to the insufficient group; and those who reported 23 or more METS/hour/week of physical activity were assigned to the recommended group.
HRQOL
The Japanese version of the Medical Outcomes Study (MOS) Short Form 8-Item Health Survey (SF-8) was administered to assess the HRQOL. The SF-8 consists of 8 items and is the most recent version of the MOS short form health surveys. Similarly to the MOS 36-item short form health survey (SF-36), the SF-8 is divided into an 8-dimension health profile: physical functioning (PF), role functioning-physical (RP), bodily pain (BP), general health perception (GH), vitality (VT), social functioning (SF), role functioning-emotional (RE) and mental health (MH), and comparable estimates of summary scores for the physical and mental components of health (PCS, MCS). Each item of the SF-8 is assessed by a 5-or 6-point Likert scale. The 8-domain scaled scores range from 0 to 100, with 100 representing optimal health and functioning [16] . The 8-domain summary scores, PCS and MCS, have been normalized to the Japanese population. The reliability of the Japanese version of the SF-8 by an alternate-forms method was adequate (Spearman r = 0.70-0.88) [16, 17] . The Japanese version of the SF-8 meets the standard criteria for content and the construct and criterion validity [17] . The practical advantage of SF-8 is briefly to assess and directly compare the eight scores produced by the SF-36. The correlation coefficient of each 8-domain scale score between SF-8 and SF-36 was strong (Spearman r = 0.56-0.87) [17] . The validity of the original Internetbased English version of the SF-8 was examined by comparing the results obtained via the Internet, through a telephone interview, and a mail survey. All eight dimensions and two summary scores obtained via the Internet were significantly lower than those obtained by telephone interview and comparable to those obtained by the mail survey, with the exceptions of RP, GH, RE, and PCS [17] . Nevertheless, the validity of the Internet-based Japanese version of the SF- 8 has not yet been investigated.
Statistical analysis
For the analysis, respondents with incomplete information for all study variables (n = 39) and extreme estimated physical activity level from IPAQ (n = 20) were excluded. Consequently, 1152 individuals were available for data analysis. A chi-squared test was utilized to compare differences in categorical variables among the physical activity groups. Additionally, a multivariate analysis of variances (MANOVA) was conducted to determine the differences in the SF-8 measures among each demographic group.
The univariate analyses and Tukey's post hoc tests were performed following significant multivariate effects.
The primary analysis was stratified by gender. Multivariate analyses of covariance (MANCOVAs) were utilized to examine differences in multidimensional scales of the SF-8, with physical activity levels as the between-group factor and age, marital status, household income level, and educational level as covariates. Significant multivariate effects were followed up with the Bonferroni-adjusted univariate ANOVA. The alpha level was set at .05. The Statistical Package for Social Science (SPSS) for Windows 14.0 was utilized to compute the statistics [18] .
Results
Basic characteristics of respondents
In the present study, 575 males and 577 females were classified into three groups according to physical activity level ( Figure 1 ). The average age was comparable across the three physical activity groups. Males (n = 158, 27.47%) were more likely to meet the recommended level of physical activity than females (n = 126, 21.84%). Similarly, females (n = 175, 33.03%) were more likely to be inactive than males (n = 144, 25.04%). Those differences seemed to be driven by the 20-and 50-year age groups. Although the number of those who attain the recommended level and who are deemed inactive was relatively similar in the 30-and 40-year age groups across gender, the likelihood of engagement in the recommended level of physical activity in females in the 20-and 50-year age groups (22.07%, 25.69%) was significantly lower than those in males in corresponding groups (36.99%, 30.50%). Additionally, 35.2% of younger (20-29 years) and 30.6% of older (50-59 years) respondents in females were physically inactive, whereas the same results were observed in 22.6% and 22.0% in males, respectively. The number of those who engaged in an insufficient level of physical activity was similar across genders (male: n = 274, 47.48%; female: n = 276, 47.83%). The respondents who met the recommended level of activity were less likely to be in the 30-year age group for both males and females. Table 1 presents the demographic characteristics of the study population stratified by physical activity level and gender.
Effects of demographic characteristics on HRQOL
Regarding the 8-domain scales scores, a one-way MANOVA was conducted to examine the group differences in the SF-8 measures for each demographic variable. The multivariate effects for gender (Wilk's λ = .954, p = .000), marital status (Male: Wilk's λ = .958, p = .002; Female: Wilk's λ = .964, p = .007), and age level (Male: Wilk's λ = .921, p = .004; Female: Wilk's λ = .929, p = .012) were significant. The males had significantly higher PCS scores than the females. The married males had significantly higher PCS and MCS scores than the unmarried males. The married females also had significantly higher MCS than the unmarried females. In the case of the males, the MCS for the 50-year age group were significantly higher than those for the 20-and 30-year age groups; and the PCS for the 20-year age group were significantly higher than those for the 40-and 50-year age groups. In females, the MCS for the 20-year age group were significantly lower than those for the 40-and 50-year age groups.
Prevalence of physical activity level by gender
Effects of physical activity level on HRQOL
Regarding the 8-domain scales scores, the between-physical activity group differences were investigated among all demographic variables. For both genders, all eight domains of the SF-8 were slightly higher in the recommended group than in the inactive group, with the exception of BP in females. However, the difference in scores between the recommended and inactive groups was relatively small, ranging from 3.11 to 0.59 points for males and 3.06 to 0.49 points for females. Moreover, for both genders, the differences between the recommended and insufficient groups were much smaller than those between the recommended and the inactive groups.
The physical activity groups were found to differ significantly only in regard to age, Table 2 .
Discussion
The current investigation was designed to examine whether or not the recommended level of physical activity would be associated with HRQOL in the general middleaged Japanese population. Meeting the recommended level of physical activity was associated with better scores on GH, VT, and PCS in males, and only on GH and VT in females, even after the adjustment of age and socioeconomic status. Additionally, engaging in physical activity, even at insufficient levels, had a positive effect on the perception of PF in both genders. The researchers of the current study suggest that engaging in the recommended level of physical activity appears to be positively related to some dimensions in both the physical and mental aspects of HRQOL.
The current study is, perhaps, the first to examine the association between the recommended levels of physical activ-ity and HRQOL in Japan. Previously, foreign researchers also found that the recommended levels of physical activity were positively associated with one or more dimensions of HRQOL. Vuillemin et al. [13] found that those who attained the recommended physical activity level scored significantly higher in almost all dimensions of SF-36 than those who did not attain the recommended level.
In particular, the PF, GH, VT, SF, and MH were critically affected by the recommended level of physical activity. Brown et al. [12] also investigated the cross-sectional effects of recommended levels of physical activity on HRQOL. In this study, HRQOL was evaluated by asking questions about the number of physically and mentally unhealthy days experienced. The number of adults who met the recommended level of physical activity and reported 14 or more unhealthy days during the past 30 days was found to be sufficiently lower than the number of those who did not meet the recommended level of physical activity.
In prior cross-sectional studies similar to the current study, Laforge et al. [19] investigated using the association between the stage of readiness to exercise and HRQOL assessed with the SF-36. The stage was found to be significantly related to all dimensions of HRQOL; notably, a stronger association was observed in PF, GH, and VT dimensions. Wendel-Vos et al. [20] and Morimoto et al. [21] examined the relationship between the amount of physical activity and HRQOL. Wendel-Vos et al. [20] found a positive association between PF, GH, and VT of the SF-36 and time spent for leisurely physical activity (h/ week). Morimoto et al. [21] also found that a greater amount of physical activity (kcal/week) was positively correlated with higher scores for all domains of the SF-36.
In the current study, the physical aspects of HRQOL, such as PF and GH, seemed to be more closely associated with the amount of physical activity than with mental aspects. This finding is consistent with several previous studies [19, 20] . Although the perception of vitality-measuring the degree of energy, pep, or tiredness experienced-is classified as a mental health component in the SF-8 and the SF-36, it has a complex construction and is moderately correlated with both mental and physical health functioning [4] . Brown et al. [12] found that the number of physically unhealthy days was more strongly correlated with physical activity as compared with that of mentally unhealthy days in the general US population. The objective benefits on physical activity, such as a decreased risk of morbidity, may be directly reflected in the perception of physical health among respondents.
The findings of the current study differed from the previous studies with regard to the mental aspect of HRQOL [13, [19] [20] [21] [22] . The present study did not observe the association between all dimensions in the mental aspects of SF-8 and the recommended level of physical activity, with the exception of VT. Although the results reported in previous literature on the association between physical activity and mental aspects on the HRQOL are still somewhat controversial, numerous studies have been conducted on the effects of physical activity and exercise on the reduction of the symptoms of depression and anxiety [2, 23] . Vuilleimn et al. [13] reported on the association between the perception of psychological well-being, such as VT, SF, and MH on the SF-36, and the recommended level of physical activity. Moreover, Morimoto et al. [21] have found that the mental aspects of HRQOL increased in proportion to the amount of physical activity, suggesting that the level of the current Japanese recommendation of physical activity on health promotion may be lower than the threshold of physical activity required to demonstrate a measureable impact on the mental aspects of HRQOL. Additionally, Laforge et al. [17] found that the longer the period for those who engaged in exercise at or above the recommended level, the more positive are the associations with higher mental dimensions of SF-36 in a period-dependent manner. This indicates that not only the amount but also the period of physical activity engaged in, which was not examined in the current study, may be one of the key factors influencing the mental aspect of HRQOL.
The current investigation had a number of limitations. First, the analysis was cross-sectional, making the determinations of cause and effect impossible to identify. Next, the physical activity level was administered using only the self-reported questionnaire; therefore, an inaccurate estimation of the physical activity level and recall bias are unavoidable. Moreover, the current study was conducted via the Internet. Eysenbach et al. [24] indicated that the issues of generalizability, mainly due to selection bias, were important considerations due to the nonrepresentative nature of the Internet population and the self-selection of participants being surveyed. Rhodes et al. [25] mentioned that younger, more educated, and higher income individuals have greater access to the Internet. Additionally, people are more likely to respond to a survey if they have an interest in the content of the questions or are attracted by the incentives offered for participation [24] [25] [26] . Therefore, the basic characteristics of respondents may possibly be biased, implying that the findings under such a setting may not be sufficiently applicable to the general Japanese middle-aged population. Also, the Internet-based Japanese version of IPAQ and the SF-8 were not previously validated for the Internet use. Thus, the results of the physical activity level and HRQOL administered via the Internet may be less accurate than those obtained by other validated methods such as the telephone interview and the self-administered survey. Additionally, chronic diseases or chronic conditions were not included as covariates in the current study, which may have been one of the factors leading to differential significant domains in the current study from those in prior studies. Those conditions are considered to be negatively correlated with HRQOL [27, 28] . For example, Alonso et al. [27] reported that arthritis had a significant negative impact on both the PCS and MCS of the SF-36 in Japan. Therefore, those covariates should have been controlled.
Conclusion
In summary, individuals who attained the recommended level of physical activity had better results on some dimensions of HRQOL than those who did not, suggesting that the current Japanese recommendation for physical activity may be applicable not only to physiological objective outcomes but also to HRQOL. If the perception of physical functioning and psychological well-being are improved through an increase in the physical activity level, it is sufficiently important to plan public health interventions designed to prevent a sedentary lifestyle and to promote physical activity. The current study highlights the need for future researchers to determine more accurately the association between HRQOL and the recommended physical activity level using a larger sample size. In addition, HRQOL may possibly be related to other characteristics and correlates of the Japanese population. Thus, a clarification of the characteristics and correlates possessed by individuals who meet the recommended level of physical activity, related to HRQOL, is needed to specify the target population in order to provide interventions for promoting physical activity. Moreover, to improve HRQOL, more effective interventions for physical activity promotion, which match the needs and expectations of the target population, should be developed in order to increase engagement in regular physical activity and exercise. 
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